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The predominant phonological deficit hypothesis of
dyslexia has been challenged by converging neural and
with dyslexia and a thorough review of the available
literature [3]. More recently, Boets et al. provided neural
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Two major possibilities are envisaged. The more drastic
posits that a more fine-grained neural and cognitive inves-
tigation will also reveal that, in children with dyslexia, the
phonological representations are exactly as sharp as in
their typically reading peers. Hence, analogously to the
adult findings [3,4], phonological deficits would only occur
in dyslexic children as a result of particular task demands
such as short-term memory, conscious attention and time
constraints, and they will not appear in the more basic
speech-processing measures. Although certainly contro-
versial, such a conclusion is not implausible given the
particularly mixed evidence within this field. However,
in view of the extensive evidence suggesting that children
with dyslexia process speech sounds with lower fidelity
[5,6], this position might ultimately not be tenable.
A second and more intermediate perspective proceeds
from the growing evidence for a dysfunctional fronto-tem-
poral connection in dyslexia, which has been interpreted as
neural evidence for impaired access to phonological repre-behavioral evidence for intact but less-accessible speech
sound representations in adult dyslexic readers. I propose
here that recognizing the dysfunctional connection be-
tween left frontal and temporal language regions as the
primary hallmark of dyslexia could explain the degraded
phonological representations in young children with dys-
lexia, as well as the intact but less-accessible phonological
representations in mature dyslexic individuals.
Developmental dyslexia is a hereditary neurological
disorder characterized by severe and persistent reading
and/or spelling impairments, despite normal intelligence
and adequate schooling. It is well established that individ-
uals with dyslexia perform poorly on tasks that require
phonological awareness, verbal short-term memory and
speeded lexical retrieval, and that performance on these
high-level phonological tasks is associated with literacy
acquisition in both typical and dyslexic readers [1]. Most
researchers in this field assume that the common variance
among these tasks reflects the quality of underlying pho-
nological representations (although some consider lexical
retrieval as a distinct ability; cf. the so-called double-deficit
hypothesis). Accordingly, the most prominent and parsi-
monious dyslexia account postulates that speech sound
representations are somehow degraded or less well speci-
fied in individuals with dyslexia, and that this primary
representational deficit impacts upon higher-level phono-
logical processing and reading development. Corroborating
evidence for this hypothesis has been put forward by
studies showing impaired speech perception, in particular
in young children with dyslexia. By extension, in light of
the (mixed) evidence for auditory processing and speech-
perception impairments in dyslexia, a causal pathway has
been proposed – wherein basic auditory problems interfere
with accurate speech perception and subsequently hamper
the development of accurate phonological representations
[2].
However, the leading phonological deficit hypothesis on
dyslexia has recently been challenged by studies asserting
that the phonological representations per se may be intact
in individuals with dyslexia, but the ability to access them
is impaired. Ramus and colleagues reached this conclusion
based on a series of in-depth cognitive studies in adults
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lexic readers are exactly as robust and distinct as those in
typical readers, but are less accessible for higher-order
phonological processing [4]. Although both sets of studies
convincingly converge on the conclusion that the phono-
logical representations per se are intact, these new findings
cause some tension in the field because they oppose the
predominant view on dyslexia over the past 40 years. A
relevant detail, however, is that both studies demonstrat-
ing intact phonological representations have been con-
ducted in adults with dyslexia, whereas the bulk of
electrophysiological and speech-perception studies sup-
porting the degraded representations hypothesis have
been conducted in young children with dyslexia or even
pre-readers at risk of dyslexia (e.g., the longitudinal study
by Molfese [5], the Jyva¨skyla¨ Longitudinal Study of Dys-
lexia, and the Dutch Dyslexia Program). Thus, it remains
to be seen to what extent these new findings in adults can
be generalized to a child population. I propose here some
suggestions towards reconciling these seemingly conflict-
ing findings within an integrative developmental perspec-sentations [4]. There is reason to believe that this particu-
lar disconnection may be a primary hallmark of dyslexia
because its neuroanatomical substrate (i.e., the left arcu-
ate fasciculus) has consistently been shown to be impaired
in dyslexic individuals [7], even in preschool pre-readers at
risk of dyslexia [8]. This major white-matter language tract
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the left inferior frontal gyrus, hence constituting the pri-
mary interface between sensory and articulatory speech
processing [9] (Box 1). Phonological representations are not
inbuilt in newborns but gradually emerge through expo-
sure to the natural language environment. By spontane-
ously extracting the statistical regularities that are
informative in a particular language, the infant brain
becomes tuned to the language-specific speech sounds or
phonemes [10]. Given that the development of phonological
representations requires an intensive interaction between
the auditory system and the oromotor system [11],
impaired functional and structural connection between
the two systems may very well slow down this development
(Boxes 1 and 2). Accordingly, we may expect under-
developed phonological representations in young children
with dyslexia, as evidenced for instance by deficient
speech-perception performance [5,6]. However, as has been
reported in the cognitive literature [3], and as confirmed at
the neural level [4], these initial representational
Box 1. Structural brain connectivity: the left arcuate
fasciculus
The left arcuate fasciculus (see Figure 1 in main text) is a major
white-matter language tract and connects Wernicke’s region in left
posterior superior temporal gyrus with the premotor cortex in
precentral gyrus and Broca’s region in left inferior frontal gyrus.
Wernicke’s region is involved in speech perception and hosts the
phonological representations; the premotor cortex and Broca’s
region are involved in speech production, subvocal rehearsal,
sensory-motor integration, and higher-level phonological proces-
sing [4,9,11]. Diffusion tensor imaging (DTI) and diffusion weighted
imaging (DWI) are non-invasive MRI techniques providing in vivo
information about the structural properties and orientation of white-
matter fiber tracts in the brain. They offer an index of white-matter
integrity through indirect measures of myelination, axon density
and caliber, and directional coherence of axons. Several studies
have shown that the left arcuate fasciculus is involved in phonolo-
gical processing and the indirect phonological reading route, and
that its integrity is impaired in dyslexic readers [4,7] and in young
pre-readers at risk of dyslexia because of poor phonological skill [8].
A comprehensive review and quantitative meta-analysis of DTI
studies also identified this white-matter tract as the major anatomi-
cal substrate involved in reading and dyslexia [7]. Recently,
reinforcement of this anatomical connection was shown in ex-
illiterates who learned to read, hence suggesting plasticity of the
arcuate fasciculus in response to reading experience [15].
Wernicke’s region
Premotor
cortex
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Figure 1. Left arcuate fasciculus on a standard rendered brain.502problems resolve over time (perhaps as a consequence of
reading instruction or remedial training), and dyslexics
ultimately present intact phonological representations
which are as robust and distinct as those of typical readers.
Nevertheless, what is left is the dysfunctional connection
between the frontal and temporal language regions, which
behaviorally manifests itself as a deficit in access to other-
wise intact phonological representations, and which is
evident in tasks requiring higher-level phonological pro-
cessing such as conscious manipulation, speeded retrieval
or short-term memory of speech sounds. Notably, a recent
longitudinal study neatly confirmed this predicted devel-
opmental pattern by demonstrating impaired speech-in-
noise perception and impaired higher-level phonological
processing (thus deficient representations and deficient
access) in preschoolers that later develop dyslexia, but
intact speech-in-noise perception and impaired higher-
level phonological skills (indicative of intact representa-
tions and deficient access) when these same children
attended first grade of primary school [2]. Because learning
to read and write requires not only intact phonological
representations but also conscious and fluent access to
these representations, these children are at risk of devel-
oping reading problems. Indeed, the continuous speech
stream has to be segmented in individual speech sounds
to map them on their corresponding graphemes, and the
phonemes must be blended together in short-term memory
to decode the word. Hence, the fragile access to the phono-
logical structure of language will hamper the acquisition of
literacy.
It is noteworthy that particular task and stimulus
characteristics specifically recruit this left fronto-temporal
connection. Tasks involving verbal short-term memory, for
instance, activate the left inferior frontal gyrus and depend
on the cycling of information between a phonological buffer
involved in auditory perception (situated in Wernicke’s
area) and one involved in speech production (situated in
Broca’s area) [9]. Likewise, there is evidence that effortful
speech processing (e.g., categorical perception of a speech
continuum) [9], and even basic auditory (temporal) proces-
sing [12], mobilize this left frontal brain region, which is
Box 2. Functional brain connectivity
Even when at rest, the brain shows a continuous pattern of slowly
fluctuating background activity. These fluctuations occur not
randomly, but represent neural activity organized into structured
spatiotemporal profiles that constitute the functional architecture of
the brain. Functional connectivity is defined as a correlation
between remote neurophysiological events in the temporal domain,
and can be derived from resting-state and task-evoked functional
MRI data. Separate anatomical regions with similar functional
properties tend to exhibit coherent fluctuations in spontaneous
activity, believed to reflect (the history of) functional communication
between them. They constitute networks which are prepared to
carry out common tasks. A recent study [4] investigated the
functional connectivity between 12 brain regions involved in
auditory processing, speech perception, and higher-level phonol-
ogy, and showed – very specifically – that the functional commu-
nication between Broca’s region and left and right superior temporal
gyrus was impaired in dyslexic readers. Moreover, individual
differences in the strength of functional connectivity between
Broca’s and Wernicke’s region were highly significantly associated
with various behavioral indices of word reading and phonology.
likely to access the sensory trace of the auditory signal
through the same fronto-temporal connections that have
been shown to be deficient in dyslexia. Therefore, it is
plausible that some of the observed deficits in dyslexia
are secondary consequences of using task designs and
stimuli that require efficient communication within an
intact left fronto-temporal circuit.
It may be noticed that the proposed account of dyslexia
is reminiscent of the traditional conceptualization of con-
duction aphasia as a fronto-temporal disconnection, and
one may wonder why dyslexic individuals do not present
more prominent speech production deficits. An answer can
be found in recent advances in neuroimaging that provide
evidence for two parallel dorsal arcuate pathways, one
from the temporal cortex to the premotor cortex and one
from the temporal cortex to the inferior frontal gyrus
(Broca’s area or BA 44 pars opercularis), with the former
mainly supporting sound-to-motor mapping and the latter
supporting higher-level language processes [13]. In line
with explanations of conduction aphasia as a type of speech
apraxia, it has been suggested that this phenomenon
primarily entails a dysfunctional connection with the pre-
motor cortex which is involved in speech programming
[14]. For dyslexia, however, a dysfunctional connection
with Broca’s region is envisaged as the principal bottle-
neck, hence primarily resulting in metalinguistic or
higher-level phonological problems. Thus far, diffusion
tensor imaging (DTI) studies in dyslexia have not yet
disentangled these two dorsal tracts, but a functional
connectivity study [4] did reveal specifically reduced com-
munication between Broca’s area and left and right super-
ior temporal gyrus in individuals with dyslexia.
Taken together, a preliminary attempt towards reconcil-
ing seemingly conflicting findings in the dyslexia literature
is provided here by consideration of the developmental
consequences of a dysfunctional left fronto-temporal brain
connection. Future empirical research will be necessary to
test and validate these seminal ideas and to reveal which of
the outlined options captures the developmental trajectory
of children with dyslexia. In this regard, systematic investi-
gation of the quality of phonological representations in
individuals with dyslexia from infancy to adulthood is war-
ranted, both through electrophysiological and in-depth be-
havioral studies. A comprehensive review and meta-
analysis of dyslexia studies covering basic speech perception
versus higher-order phonological processing may constitute
an essential first step towards revealing whether problems
at the representational level resolve over time whereas
higher-order phonological problems persist. Future neuro-
imaging studies should also aim at elucidating the specifici-
ty of the deficient functional and structural connections with
the frontal cortex in dyslexia.
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